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HE Engineering Experiment Station was established by
action of the Board of Trustees, December 8, 1903. It is

the purpose of the Station to carry on investigations

along various lines of engineering and to study problems
of importance to professional engineers and to the manu-

facturing, railway, mining, constructional, and industrial interests

of the State.

The control of the Engineering Experiment Station is vested

in the heads of the several departments of the College of

Engineering. These constitute the Station Staff, and with the

Director, determine the character of the investigations to be under-

taken. The work is carried on under the supervision of the Staff;

sometimes by a research fellow as graduate work, sometimes by
a member of the instructional force of the College of Engineer-

ing, but more frequently by an investigator belonging to the

Station corps.

The results of these investigations are published in the

form of bulletins, which record mostly the experiments of the

Station's own staff of investigators. There will also be issued

from time to time in the form of circulars, compilations giving
the results of the experiments of engineers, industrial works,
technical institutions, and governmental testing departments.

The volume and number at the top of the title page of the

cover are merely arbitrary numbers and refer to the general publi-

cations of the University of Illinois; above the title is given the

number of the Engineering Experiment Station bulletin or circular',

which should be used in referring to these publications.

For copies of bulletins, circulars or other information

address the Engineering Experiment Station, Urbana, Illinois.
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SNODGRASS FUEL TESTS HOUSE-HEATING BOILERS

GENERAL INTRODUCTION

This bulletin describes one hundred thirty fuel tests with

house-heating boilers. For convenience, it has been divided into

three parts.

Part I describes 48 tests made by the Engineering Experi-
ment Station of the University of Illinois, when burning the vari-

ous kinds of fuel commonly used in house-heating work in the

state of Illinois.

Part II relates to 58 tests made under the direction of the

United States Geological Survey at St. Louis, Missouri. Of these

tests, 47 were upon briquetted fuel, and 11 upon raw coal.

Part III describes 24 tests made by the Engineering Experi-
ment Station of the University of Illinois, using briquetted fuel.

All these tests were conducted under conditions which dif-

fered considerably, and by methods differing more or less in de-

tail. The tests made by the Engineering Experiment Station at

the University of Illinois extend over a considerable length of

time and have been carried on by regular members of the fuel

test division, occasional changes in the personnel having been re-

quired. The observations on the tests made at St. Louis were all

made by one observer. For these reasons, therefore, the results

are hardly comparable, except in a more or less general way, and
little attempt has been made to make such comparisons.

The descriptive matter and discussion included in each part

apply to its own series of tests, unless otherwise stated. Most
of this descriptive matter and discussion has been incorporated
in connection with the tests of Part I. Part II and Part III are

for the most part a compilation of data and results of the tests

considered. The tests made at St. Louis under the supervision
of the United States Geological Survey are reported and discussed

in Bulletin 366 issued by that department. The Engineering Ex-

periment Station is under obligation to the United States Geolog-
ical Survey for the information concerning the St. Louis tests

here published.



ILLINOIS ENGINEERING EXPERIMENT STATION

I. FUEL TESTS WITH HOUSE-HEATING BOILERS MADE BY THE
ENGINEERING EXPERIMENT STATION

(48 tests with representative fuels)

1. Introduction

The purpose of these tests was in general two- fold. First,

to obtain the information usually obtained from boiler trials when

operating upon house-heating boilers with various types of fuel

commonly used for domestic purposes, in order that comparison

might readily be made; second, to obtain information that might
assist in developing satisfactory methods for conducting house-

heating boiler trials whether the object of the test be to test the

fuel, the equipment, or the two combined.

Some of the more important deductions drawn have been

summarized in the paragraphs immediately following. The data

and discussion relative to these deductions will be found in subse-

quent portions of the bulletin. The conclusions regarding meth-

ods for conducting house-heating boiler trials, having been drawn
from one series of tests during which most of the important con-

ditions were maintained constant, they can be considered as of

only a preliminary nature. Further tests, under varying condi-

tions, will, it is hoped, furnish further information in this connec-

tion. It was deemed advisable to present the information relative

to the tests as fuel tests at this time together with such sugges-
tions as could be made in regard to methods for conducting such

tests.

2. Summary of Conclusions

A. Efficiency and Fuel Cost

(l). The evaporative efficiencies of house-heating boilers vary
greatly with changes in other conditions and extreme care should

be used in making comparisons.

(2). The efficiencies for the tests under consideration varied

from 44% to 66%; thus covering about the same range or a some-

what lower range than is found in power boiler work.

($). A still wider range of efficiencies will exist under the va-

riable capacity conditions common to average residence heating
work.
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(4). The range in efficiencies found was due principally to the

different kinds of fuel tested.

(5). Fuels high infixed carbon content, such as anthracite and

coke, give relatively high efficiencies as compared with fuels low

in fixed carbon content.

(6). Present methods of burning and present types of boilers are

particularly well adapted to burning anthracite and other coals

high in carbon content.

(7). Coke burning presents special problems as to methods of

burning and construction of equipment.

(8). A high fixed carbon content as opposed to a high volatile

content is desirable in a fuel for domestic purposes.

(9). The low efficiencies with fuel of high volatile content, such

as the Illinois coal, indicate the necessity of improvement as to

equipment and methods of burning in order that this fuel may be

placed more nearly on an equal footing with other fuels in this

respect when employed for house-heating purposes.

(10). Variations in efficiencies, apparently due to slight changes
in fire and other conditions indicate the possibility of obtaining

higher efficiencies in many cases by careful attention to details

relating to fuel, operation and equipment.

(11). Illinois coal may be obtained at from i to \ of the cost

per ton of anthracite. The cost per British thermal unit will be

relatively slightly higher for Illinois coal than when expressed
as cost per ton. Roughly, however, 10,000 B. t. u. can be pur-
chased in Illinois coal at from i to \ of the cost in anthracite.

(12). Illinois coal is considerably cheaper, expressed both as

cost per ton and as cost per British thermal unit than Pocahontas
coal or coke.

(13). Fixed carbon can be bought much more cheaply in the

form of coke than as anthracite, and at as low or lower a price

than it can be purchased in Pocahontas or Illinois coal.

(14). With Illinois coal as fuel, water can be evaporated in

house-heating boilers at about 50% of the fuel cost of anthracite

and about 75% of the fuel cost of Pocahontas coal or coke.

(15). The relatively low cost of Illinois coal especially as com-

pared with the eastern coals will insure its continued use for do-

mestic purposes. The amount of this fuel used for such purposes
will probably increase in spite of the disadvantages at present
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connected with its burning. This condition emphasizes the ne-

cessity for improvement in the methods of burning the cheaper
fuel.

(16). The low fuel cost of evaporation for Illinois coal as com-

pared with coke is considerable and will insure the continued use

of the raw coal until prices of the two fuels are more nearly equal.

Improvement in methods of burning and equipment are needed

for burning each of these fuels and such improvements will,

doubtless, affect the relative quantity of each which is used.

(17). Improvements tending toward a reduction of smoke, dirt

or other disadvantages connected with the burning of the cheaper
coal will, doubtless, also increase the efficiency with which that

fuel may be used and make the fuel cost differences still more

favorable to the cheaper luel.

(18). Based upon present prices of Illinois coal and considering

evaporative performance only, anthracite, for instance, is worth

only from $3.00 to $4.00 per ton. The additional amount which

is paid for it must be considered as expended for advantages pos-

sessed by the anthracite, such as cleanliness and ease of fire con-

trol, which are not possessed by the other fuel.

B. Cleanliness, Control, Attendance

(19). Anthracite and Pocahontas coal are particularly well

adapted to maintaining uniform pressure and fire conditions over

a long period of time with little attention. The quick-burning
Illinois coals are much less reliable in this respect.

(20). Satisfactory regulation is more readily accomplished with

the eastern fuels and with coke than with the Illinois coal.

(21). The total attendance required may be considerably less

when burning anthracite than the other fuels. The same may be

said in general as between coke and Pocahontas as compared with

the Illinois coal. This condition would be especially noticeable

in connection with heating apparatus used in residence work.

(22). Anthracite and coke possess marked advantages over the

other fuels, especially over the Illinois coal, with respect to

cleanliness. They are in general cleaner in and about the boiler

room and do not smoke, either from the chimney or in the boiler

room. Little trouble is had with soot or ash in the flues and with

reasonable care noxious gases should not be given off in the fur-

nace room; also, the ash is small in amount and easily handled.
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Clinkering may take place to some extent.

(23}. Pocahontas coal is less clean to handle than anthracite

or coke, makes some smoke, soot and other dirt and burns with a

small amount of very easily handled ash which is not apt to

clinker.

(24). Illinois coal, comparatively speaking, smokes badly,

deposits a large amount of soot in the flues, may cause the emis-

sion of smoke and noxious gases into the boiler room. It is dirty
to handle in and about the boiler room. The amount and per-
formance of the ash in the fire-box vary considerably with dif-

ferent kinds of Illinois coal. In general, however, the ash is con-

siderable in amount and clinkers to a greater or less extent, some-
times badly.

(25). Washing and sizing Illinois coal eliminate to a very con-

siderable extent the objectionable features with regard to smoke,
soot, dirt and ash just mentioned.

C. General

(26). In considering house-heating boiler tests, a number of im-

portant considerations, such as efficiency, fuel cost, attendance,

control, cleanliness and equipment must be taken into account.

The relative importance of such factors can not be stated definite-

ly and varies greatly with the nature of the service required of

any given installation.

(27). Efficiency and fuel cost may become the items of greatest

importance where heating work is upon a comparatively large
scale approaching power boiler conditions.

(28). Simplicity and the ease with which the heating apparatus
can be cared for may be of greater importance than high evapo-
rative efficiency.

(29). The condition ivhich requires the minimum amount of at-

tendance may be the most satisfactory and economical and more
than offset the consumption of some extra fuel.

(30). The ability to get up steam quickly, and to maintain uni-

form pressure and fire conditions over comparatively long periods
of time may be of greater importance than questions relating to

either fuel or equipment.

(31). The desire or necessity for cleanliness with respect to

smoke, soot, ash and dust or dirt in the boiler room, may warrant
the use of high priced fuel.
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D. Method of Conducting Tests

(32). In general the test should be made under conditions

approximating those of the service which is required of the fuel

and equipment. To do this will require tests of two kinds.

(a) If the load demand is fairly constant and comparatively

high, test at the required load in a manner generally similar

to that employed in power boiler work, making evaporative

performance the main item sought.

(b) If the load demand is very variable, test under condi-

tions approximately similar to operating conditions. In such

tests questions relating to attendance, cleanliness and control

will generally be found of equal or greater importance than

those relating to efficiency and the tests should be so con-

ducted as to give the fullest information possible along these

lines.

(S3). Make the tests classified under (a) of paragraph 32 at

least 16 hours long and to consist of at least three firing charges
of fuel.

(34). Make the tests classified under (&) paragraph 32, 24

hours long.

(35). Use the standard method for starting and stopping all

tests, that is, start the test with a fresh fire and close it by draw-

ing the fire and allowing for the residue of unconsumed fuel thus

obtained.

(36). No conclusions are offered as to the best method of con-

ducting tests for the purpose of determining the proper rating to

be given to particular apparatus. Further tests to be reported

upon later will, it is hoped, be of service in this connection.

3. General Discussion of the Problem Relating to Tests of Fuel in

House-heating Boilers

(l). To determine the relative value of a fuel for different

purposes or of different fuels for a given purpose, it generally
seems advisable to make the tests in connection with the appara-
tus with which the fuels would ordinarily be employed, and under
conditions at least approximately similar to those of everyday
practice. Laboratory methods, such as chemical analysis and
calorific determination, are in general considered as only a part
of a fuel test and are employed along with other data in inter-

preting the results. We thus have fuel tests made in connection
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with boilers, gas producers, coking ovens, furnaces, and other

devices in order that the results and deductions may be applicable

to the particular problem in hand. In any given branch of fuel

testing this process of applying particular conditions may be

carried still further.

(#). Small heating units as compared with large units. The fuel

tests here considered were made in connection with house-heating
boilers of comparatively small size. On account of the small

amount of available information relative to a satisfactory method
for conducting house-heating boiler tests, one of the principal

purposes in conducting these tests was to obtain information that

would assist in developing such a method. Fuel tests with house-

heating boilers will of necessity be similar, in many respects, to

the tests made in connection with power boilers. While not over-

looking the difference which must exist, due to the unlike condi-

tions under which these two types of boilers operate, and the

purposes for which each type is operated, it was deemed advisable

as a first step in this work to make a series of tests upon house-

heating boilers as nearly as possible by the methods which have

been found satisfactory when testing with power boilers.

In work with the large units, fuel cost is generally the im-

portant factor, and the highest evaporative performance that can

be obtained per dollar expended for fuel is the condition desired.

Conditions relating to attendance, equipment, cleanliness and

methods of operation are of secondary importance, and are ca-

pable of considerable variation or adjustment (depending upon
the size and importance of the installation) in order to obtain a

high rate of evaporation. Conditions surrounding house-heating
boilers are, however, of such a nature that they can not be readi-

ly changed. Higher rates of evaporation and more efficient rates

of combustion could, doubtless, often be obtained by having a

fireman in constant attendance. The cost of such attendance is,

however, in most cases prohibitive. The use of unusually ex-

pensive, complicated, or large apparatus is from the nature of

the service undesirable. Conditions relating to equipment and

attendance may be of so much greater relative importance than

low cost of evaporation as to permit of relatively inefficient per-

formance in order to satisfy those considerations. In many in-

stances it will be found that the condition which requires the min-

imum amount of attendance is the condition which is most satis-
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factory and the advantage of simple, easily cared for equipment
will more than offset the consumption of some extra fuel. It may
be of much greater importance to get steam up quickly, or other-

wise produce the desired heating effect quickly, and to be able to

maintain a uniform rate of heat generation through a considerable

length of time, than it is to furnish that heat at the lowest possi-

ble fuel cost. Such considerations may warrant the use of high-

priced fuels or the sacrifice of evaporative efficiency for the sake

of ease of fire control. Regulation, ease with which good fire

conditions are maintained with respect to ash and clinker, the

tendency of flues to become fouled, dirt in the form of dust,

smoke, soot, or ash, whether from the coal pile, the fire-box, or

chimney, are all important considerations aside from their rela-

tion to evaporative performance.

(3). Outline. In order that the results of house-heating
boiler tests may be of the greatest use, it becomes desirable to

report more or less fully upon quite a number of conditions. The

following outline presents most of the questions which will arise

in making fuel tests with house-heating boilers.

Efficiency

(a) Evaporative performance, including efficiencies

of the boiler and furnace, grate, and of the

plant.

(&) Fuel cost for heat delivered.

Control

(a) Time required to get up steam pressure.

(b) Length of time of holding uniform pressure and

satisfactory fire conditions without attention.

(c) Uniformity of regulation.

(d) Total attendance.

(e) Capacity.
Cleanliness

(a) Dust and dirt in boiler room.

(&) Ash and clinkers.

(c) Soot and ash in flue.

(d) Smoke.

(e) Smoke and gases in furnace room.

(4). Relative importance of conditions. It is obviously impos-
sible to measure exactly just what is the relative importance of

the factors as above grouped under control and cleanliness, as
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compared with boiler efficiency and evaporative performance, but

it is evident that they are of much greater relative importance

when considering house-heating boilers than when considering

power boilers. It is also true that the importance of certain fac-

tors will vary greatly according to the service rendered. In heat-

ing large school buildings with house-heating boilers the condi-

tions may approximate very closely conditions in power work, and

evaporative performance will be the item of greatest importance,

while in the case of heating a small residence, cleanliness and

ease of control may readily seem to be of first importance.

(5). Capacity. The problem or problems in connection with

each of the items mentioned are probably evident, with the pos-

sible exception of the item capacity which is listed under the head

of control. In the case of a house-heating boiler, the question

relative to capacity which is of importance, is how many square

feet of radiation can be served by the boiler through comparatively

long periods of time without attention, except at the time of firing.

It is generally desired to know how many square feet of radiation

can be served through a period of from six to eight hours without

attention during that time. The same amount of fuel consumed

within a short time should serve more radiating surface per hour

than when burned during a longer period of time. The one hour

period as employed in defining a horse-power, and as used in rat-

ing power boilers, is not satisfactory for comparative purposes in

connection with house-heating boiler work. In this kind of work,

then, in order that information relative to capacity may have the

greatest usefulness, it should be based upon the evaporation
which can be obtained during a period of from six to eight hours

without attention, rather than upon the evaporation obtained in

one hour with whatever attendance may be required. Thus a

boiler rated at 1000 square feet should be capable of serving that

amount of radiation without attention for a much longer time than

one hour. In order to give satisfaction as a house-heating boiler,

it should probably be able to serve that radiation for a period of

at least six hours without attention during that time.

(6) . Purpose of tests. In carrying on the tests herein reported
it soon became evident that it would be difficult to conduct tests

so that suitable data concerning all of the above mentioned items

could be obtained from any one test. Tests so run that the data

would be of the greatest comparative value, for instance, in the
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case of the items grouped under efficiency, made the data concern-

ing some of the items appearing under control and cleanliness,

of little value in their relation to house-heating conditions. The
lack of a satisfactory method of making tests, or of one generally

accepted as such, was apparent. Under these circumstances it

was deemed advisable to make a series of tests according to the

A. S. M. E. code for conducting boiler trials. Accordingly, the

tests herein reported have been, in the main, run in accordance

with the recommendations contained in that code. The purpose
of the tests thus becomes twofold; first, to obtain the information

usually obtained from boiler trials when operating upon house-

heating boilers, with various types of fuels; second, to obtain

information that might assist in developing satisfactory methods
for conducting house-heating boiler trials. The second end, it

was thought, could best be attained by at first making use of the

A. S. M. E. code. The adoption of this code as a guide in con-

ducting the tests tends to lay the greatest stress upon questions

relating to evaporation and efficiency. While not overlooking the

importance of questions relating to capacity, regulation, attend-

ance, and cleanliness, conditions were so arranged as to make
evaporative performance the main item sought, and the best basis

of comparison for this particular series of tests. It is, however,
intended to conduct several additional series of tests in which
more attention may be given to some of the other items just

mentioned.

(7). Variable conditions. Fuel or steaming tests in connec-

tion with boilers as small as the average house-heating boiler, and

especially when carried on under the average conditions under

which such boilers are operated, present difficulties which are

much more pronounced than when conducting similar trials upon
larger apparatus. The low rate of combustion under ordinary

circumstances, and the low capacity at which the average house-

heating boiler is operated, either all or part of the time, tend to

make the results of different tests unsatisfactory for purposes of

comparison, as it is exceedingly difficult under these circumstances

to obtain uniformity of conditions between different tests. Appar-
ently slight variations in fire conditions might have considerable

influence upon results.
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(8). Amount of fuel consumed. The determination, with suf-

ficient exactness, of the amount of fuel consumed presents dif-

ficulties in the case of small apparatus which are not encountered

to the same extent with larger apparatus. The quantities of coal

burned and water evaporated for tests of equal length may easily be

ten or twenty times as large when testing with a power boiler as

when testing with a house-heating boiler, and errors in determining
these quantities may readily be a much greater percentage of the

total in the case of the small boilers. Errors of this kind are in

general most likely to occur at the beginning or end of the test,

as in judging the amount of fuel consumed, or determining the

Weight of the water in the boiler. Probably the most noticeable

error of this kind is to be found in the usual or so-called alternate

method of starting and stopping boiler trials. The alternate

method of the code of the American Society of Mechanical Engi-
neers for conducting boiler trials provides for beginning and end-

ing the test when the fire conditions are such that equal amounts
of unconsumed combustible and of ash are upon the grate for the

two times under consideration. That this condition may be met

requires judgment and careful operation. In the average power
boiler trial the fuel burned and ash removed amount to many
times that which may be upon the grate at the start or -stop of the

test, and a mistake in judging the fire conditions at those times

will make a comparatively small error in subsequent calculations.

This, however, is recognized as a possible source of error of con-

siderable importance, under the most favorable conditions, when

testing power boilers. In the case of very small boilers, especially
in those having a comparatively deep fire bed such as is often used

in house-heating boilers, the quantity of fuel upon the grate at

the beginning and end of a test would be a very considerable pro-

portion of the total fuel burned, unless the test was of consider-

able length. About the same assumptions with regard to the two

types of boilers would show that the error expressed in per cent

of fuel consumed might readily be four or five times as great in

the case of the house-heating boilers as in the case of the power
boilers.

(9). Standard method for starting and stopping test. This dif-

ficulty can be met in two ways. The test can be made longer, in

which case the error becomes correspondingly smaller as ex-

pressed in per cent, or a method of starting and stopping the
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test can be employed, intended to eliminate or dimmish the error.

The standard method of the code of the American Society of

Mechanical Engineers provides for the raising of steam pressure

by means of a preliminary fire, withdrawing that fire and begin-

ning the test with a new fire built with a known weight of fresh

wood and coal. At the end of the test, the fire remaining is

drawn and allowed for in subsequent calculations. When test-

ing power boilers the standard method occasions some additional

work and trouble, and there is considerable difference of opinion
even among experts as to which method, the alternate or the

standard, is the better. By far the greater number of boiler

trials are probably begun by the alternate method, on account of

that being the more convenient, and because of this lack of definite-

ness as to which method is the better. In the case of the house-

heating boiler the comparatively large amount of fuel upon the

grate; the lack of uniformity of fire conditions at different times

during the test; the difficulty of duplicating fire conditions as de-

sired; and the difficulty of accurately estimating the amount of un-

consumed fuel and ash in the fire-box, make the alternate method of

starting and stopping unsatisfactory, and necessitate some plan
more in accordance with the standard method, in order that the

fuel consumed may be determined with sufficient accuracy.

(10). Tests by societies and individuals. Societies and indi-

viduals interested in this kind of work have from time to time

reported tests, or discussed methods for making such tests, but

apparently without making definite recommendations that have
been found satisfactory for the guidance of others, or that have
been adopted generally enough to make comparisons possible or

of value. The number of tests of this kind which have been re-

ported is surprisingly small as compared with the number of

tests conducted upon power boilers. Probably the greatest amount
of work in this line has been done by the manufacturers of heat-

ing apparatus. The results of their investigations are, however,
either not available or are applicable to particular makes of ap-

paratus only, rather than to the problem as a whole.

4. Fuel

Table 1 presents in tabulated form the different kinds or

types of fuels tested, the section of the country from which they
were received, and their size.
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TABLE 1

DESCRIPTION OF FUELS TESTED

Kind or Type of Fuel
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and a fresh fire started with a weighed amount of wood and the

first charge of coal. The test was started when the wood was

ignited, at which time observations of time, water-levels, and

pressures were taken. The kindling and entire amount of first

charge of coal were ordinarily fired before the fire was lighted.

The only exceptions to this were in cases where the kindling was

ignited by the hot grates before all of the coal was fired. This, how-

ever, only delayed the firing of the entire charge of coal a few min-

utes after the start of the test. In all tests made with Boiler Di, 75

Ib. of fuel were fired at a time, and in all tests made with Boiler D2,

105 Ib. of fuel were fired at a time. These amounts, as compared
with each other, are closely proportional to the grate surfaces of

the two boilers. On account of all fuel charges being the same in

amount, and also on account of the fact that a test was not ended

until the fuel was so completely burned that pressure could no

longer be maintained, many of the tests varied considerably from

the 8, 16, or 24-hour period under which they are classed. A
pressure of approximately five pounds was carried on the boiler.

After a charge of fuel had been fired, the fire was not again

touched until the next firing, if the automatic regulation was suf-

ficient to keep up steam pressure without other attention. In

case it became necessary in order to maintain pressure, there be-

ing plenty of unconsumed fuel in the furnace, the fire was poked
'or otherwise worked as seemed desirable.

(2). Method of firing. For the tests with anthracite, coke

and Pocahontas coal the fuel was fired by the spreading method,
that is, the fresh fuel was spread about evenly over the entire

grate surface. For the Illinois coals, on account of the liability

of explosions due to gas collecting in the combustion chamber
and flues, it was deemed advisable to fire by a method approach-

ing the coking method. With the boiler Di the fresh fuel was
fired more heavily at one side of the furnace than at the other,

allowing the fire to burn up brightly much more quickly upon the

side thinly fired than would otherwise have been the case. With
boiler D2 the burning fuel which remained in the furnace just be-

fore firing, was in part pushed or raked toward the rear of the

grate, and the greater part of the fresh charge fired in front.

This allowed the fire upon the back part of the grate to burn

brightly almost from the time of firing.
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(3). Attention. The effort was made throughout to reduce to

a minimum the amount of attention given the fire between times

of firing. The attention which the fire did receive, however,
which might be considered as additional to what would be expect-

ed in ordinary house-heating work, was given in accordance with

the desire to have the tests fairly comparable upon an evapora-
tive performance basis, rather than to obtain data relative to

attendance conditions.

(4). Ash and residual fuel. The fire was drawn at the end of

the test, when the boiler pressure dropped below four or five

pounds on the last firing, and did not again rise upon the opening
of the damper and the closing of the check. Just as the grate

was dumped, final observations concerning time, water, temper-
atures and pressures were taken. The material drawn out at the

close of the test was immediately put into a galvanized can with

a close fitting cover to prevent further combustion. Analysis of

this partly consumed or residual fuel furnished suitable corrections

in the determination of the amount of fuel actually burned. The
ash was kept separate from the residual fuel, being taken from

the furnace and ash-pit before the fire was drawn.

(6). Sampling of fuel, ash and residualfuel. The fuel was sam-

pled in the usual manner by taking a small portion from each fir-

ing. The sample so collected varied from about 5 per cent to 10

per cent of the total fuel fired. It was collected in a can with a

closely fitting cover, and, within a few hours after the close of

the test, was thoroughly mixed, crushed to i in. size or smaller,

and quartered until a 1000 gram sample was obtained. This 1000

gram sample, placed in a suitable pan, was air-dried and then

transferred to the Chemical Laboratory in glass jars for the pur-

pose of chemical analysis.

The ash and residual fuel were each run through a laboratory
crusher reducing them to pieces i in. or smaller. They were
then quartered, accompanied with thorough mixing, until samples
were obtained of each, which would about fill a one quart glass

jar.

(6). Chemical analyses. All chemical analyses were made at

the chemical laboratories of the University of Illinois. Proximate

analyses and calorific determinations of the fuel were made for

each test or for each group of two tests, where the two boilers were

operated simultaneously upon the same fuel. The ash and residual
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for each test were analyzed for carbon and earthy matter. Ulti-

mate analyses were made from composite samples for each fuel

tested. The composite samples were made by combining from each

of the air- dried samples an amount proportional to the fuel burned

as represented by each sample. Calorific determinations were
made in a Mahler-Atwater oxygen calorimeter. In Table 12,

page 70, will be found analyses of the ash and residual fuel as to

carbon and earthy matter, and the proximate analyses of the

fuel for each test.

In Table 2 are given the proximate and ultimate analyses of

the fuels as made from the composite samples.

TABLE 2

ANALYSES OF COMPOSITE SAMPLES

Per Cent
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Table 3 gives values for the proximate analyses of the dif-

ferent fuels obtained by averaging the values for all tests with

each fuel. The averages included in this table are computed by

giving weights to the values for each test proportional to the

weight of fuel fired. A comparison of the average values for

each fuel, as contained in this table, with the corresponding
values of the proximate analyses made upon the composite

samples exhibits some differences which are, however, for the

most part, small. The average calorific value, determined for

each fuel in the same manner as the other averages has been in-

cluded in Table 3.

(7). Feed ivater. The feed water delivered to each boiler

through the measuring tanks was condensation from heating

coils, and the effort was made to feed the water at as nearly con-

stant a rate as possible, and at a temperature which might corre-

spond fairly well with that of the returns in house-heating work.

The feed water temperature averaged about 175 F.

(8). Loading. For all tests a load equivalent to about 65 per
cent of the boiler rating was maintained by means of a suitably
sized orifice in the outlet. The evaporation of 0.3 Ib. of water from
and at 212 F. was assumed as equivalent to serving one sq. ft. of

radiation for one hour. A pressure of 5 Ib. controlled by the

automatic regulators, which are a part of the boilers, was main-

tained at the boiler. The pressure after leaving the boiler was
reduced to slightly over 2 Ib. in the receiver, so that a difference

of 2 Ib. pressure was maintained between the two sides of the

orifice. Recording gages were used in order that the variations

in boiler pressure might be readily observed during the course

of the test.

(9). Temperatures. A recording pyrometer was used in con-

nection with most of the tests made upon Boiler Di, for the pur-

pose of taking flue gas temperature. For the remainder of the

tests upon boiler Di, and for all tests upon D2, mercury flue

gas thermometers reading to 1000 F. were employed. A record-

ing thermometer for outdoor temperatures was also employed.
(10). Smoke and flue gas analyses. Smoke records were taken

for each test, generally for a period extending from the time of

one firing to the time of the next firing. The flue gas samples
were, as a rule, taken as continuous samples, each over an inter-

val of time of one hour. At times continuous samples were taken
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extending over the entire time between two firings. These sam-

ples were analyzed in an Orsat apparatus of the common type.

(ll). Cleaning -flues. The boiler flues were cleaned previous
to each test in order that conditions in this respect might be ap-

proximately equal. On account of the preliminary fire, there was
doubtless always some soot on the flues at the start of the test

proper, as it was not considered advisable to open up the boiler

for cleaning just before starting the new fire. Also the flues,

doubtless, became coated with soot more rapidly with some fuels

than with others. There would also, as a general rule, be a

greater accumulation of soot and ashes in the flues for a sixteen

or twenty-four hour test than for an eight hour test.

(12). Miscellaneous observations. The following observations

were taken every twenty minutes: height of water in the boiler,

height of water in the feed tank, height of water in gage glass of

separator, temperature of feed water, boiler room temperature,
steam pressure in boiler, difference of pressure on the two sides of

the orifice plate, and drafts in ash-pit, over the fire and in the flue.

6. Test Data

The test data were, in general, recorded in accordance with

the requirements of the A. S. M. E. code and were entered upon
blank forms suitably arranged for the class of work in hand.

On pages 84, 85, 86, and 87, of Appendix A will be found,

Fig. 18-21, graphical logs of four tests which have been selected

as representative. They are, respectively, records of tests made
with anthracite, Pocahontas coal, coke and Illinois coal.

7. Tabulated Data and Results

In Appendix A, Table 12, will be found the principal data

and results of the 48 tests under consideration; explanatory mat-

ter concerning the results accompanies the table. This material

will be found upon pages 66 to 83, inclusive, of Appendix A.

In Tables 13 and 14, pages 88 and 89 of Appendix A, will be

found data relative to flue gas analyses. It will be noted that the

per cent of CO2 is in general quite high. In all flue gas analyses
the per cent of CO was also determined in the manner usual with

the Orsat apparatus. Owing to the uncertainty as to the value

of such determination these data are not here presented. In gen-
eral no trace of CO was found or only a fraction of 1 per cent.
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In one case, however, where the sample was taken immediately
after firing, 4.3 per cent CO was found.

8. Method of Calculating Results The results tabulated in

Table 12, Appendix A, are in general calculated by methods
which are the same as those employed in calculating boiler trials

made under the A. S. M. E. code.

Throughout all calculations involving capacity the evapora-
tion of 0.3 pounds of water from and at 212 P. has been used as

equivalent to serving one square foot of radiation for one hour.

In the calculation of item 23.2 tabulated on page 72, which is

the total dry fuel fired minus the dry fuel equivalent of the ash

and of the residual fuel, it was assumed that the ash and the re-

sidual fuel consisted of earthy matter and carbon only. The car-

bon found in the ash and the residual fuel by analysis was as-

sumed to have a heating value of 14600 B. t. u. per Ib. and was
converted to dry fuel by dividing the total number of B. t. u. so

found by the B. t. u. value of one pound of dry fuel under consid-

eration.

9. Discussion of Results

A. Efficiency and Evaporative Performance

(l). Efficiency and fixed carbon content. An examination

of item 62 as given in Table 12, page 82, shows that the plant effi-

ciencies varied from 44.76 per cent to 66.21 per cent. In Fig. 1

these efficiencies have been plotted for each test to a base, ex-

pressed in per cent, of the fixed carbon content of the coal. These

points fall into two groups due to the low fixed carbon content of

the Illinois coals as compared with the other fuels. The tendency of

low efficiency to go with low fixed carbon content is, however,

marked, and emphasizes the fact that in this respect the fuels high
in fixed carbon content are much better adapted to present methods
of house-heating. The Illinois coals may be considered as the

natural fuel supply for this state and section and the problem be-

comes one of adapting methods and equipment to the burning of

these coals at efficiencies at least approximating those of fuels

like anthracite and coke.

(2). Efficiency with Pocahontas coal. The lowest plant effi-

ciences recorded are for tests made with Pocahontas coal. The
average plant efficiency with Boiler Di for this fuel was 44.97 per
cent and with Boiler D2 55.43 per cent. A partial explanation of
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house-heating purposes is quite common in this section and when
used is generally highly thought of for such work, having merits
that may warrant its use in spite of low evaporative efficiency.

Of the several fuels tested it has the highest heat content as ex-

pressed in B. t. u. contained. The small number of tests here re-

ported precludes the possibility of drawing definite conclusions in

regard to the efficiency that may be obtained with this fuel under
the various conditions under which it may be consumed, while the

wide variation in the efficiencies obtained, especially as between
the two boilers, indicates the possibility of adapting fire condi-

tions and equipment to the requirements of the fuel in order to

obtain higher efficiencies.

(3). Efficiencies of the tivo types of boilers. There has been no

attempt in this article to compare or discuss the merits of the

boilers used in making the tests, the tests having been conducted

with the idea of comparing the fuels rather than the apparatus.
In the case of Pocahontas coal, as mentioned above, it was found

that one boiler was operating much more efficiently (measured by
evaporation) than the other. When testing the two kinds of coke
it was found that in the case of the Solvay coke the efficiencies

for the two boilers were not greatly different, while when testing
with the gas-house coke they differed greatly. It will be noted

that in the tests reported there are six tests with each fuel

except in the case of the gas-house coke, with which fuel twelve

tests were made. The series of tests upon the gas-house coke
was duplicated as a check in regard to this difference in per-
formance. The coke was chosen as being a fuel with which con-

stant fire conditions could be readily maintained and with which

any discrepancy would be most easily detected, although the dif-

ference in efficiency as between the two boilers was the most marked
in the case of Pocahontas coal. The second set of tests with

the gas-house coke did not show material differences in regard to

efficiencies from those shown by the earlier tests. The principal
difference between the two cokes, aside from a slightly higher
volatile content in the gas-house coke was the smaller and much
more uniform size to which the Solvay coke was crushed. Fire

conditions were much more uniform when burning the Solvay
coke and it seems probable that efficiencies were much more af-

fected by varying chemical or physical characteristics of the fuel

in the case of the boiler with the comparatively small amount of

heating surface.
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(4). Variations in efficiency. Efficiencies as determined by fuel

tests with house-heating boilers apparently vary greatly with

varying conditions of fuel and fire and should be compared
only with the greatest care. Omitting considerations which
relate to the boiler and furnace employed, the composition
of the fuel is probably the most important factor to

be considered. A coal high in fixed carbon so that combustion

may be completed on or near the grate will give high
efficiencies, a coal high in volatile matter which, when burning,
gives off large volumes of rich gases that may or may not be

burned, will give low efficiencies. The high volatile fuels are, as

a rule, of approximately the same calorific capacity as the high
carbon fuels, while if based upon the cost per B. t. u. they are

much cheaper. The problem in this particular respect (not con-

sidering cleanliness, control, etc.) then becomes one of determin-

ing the conditions which will permit of burning the high volatile

coals at efficiencies at least approximately equal to those of the

high carbon coals, or stated somewhat differently, the conditions

which will permit of burning Illinois coal, the cheap and nat-

ural supply, instead of the fuels which must be transported long
distances and sold at correspondingly high prices. For the tests

here considered it is believed that decided differences in efficiency

were caused by various fire conditions due to the size of fuel

burned and to the per cent of fine material contained therein, to the

degree with which the fire bed coked, burned evenly over the grate
or burned holes through and around itself, also to the extent to

which the gases first distilled from a fresh charge of fuel were
burned or passed away unconsumed. While efforts were made
throughout the tests to keep fire conditions uniform, it not being
the purpose of the tests to study efficiency under varying condi-

tions, such variations as did occur point to the possibility of im-

proving efficiency by proper attention to details relating to fuel,

operation and equipment.

(5). Efficiencies as compared ivith those of power boilers.

Under conditions comparable to the tests made efficiencies ranging
from 40 per cent to 70 per cent may be expected. These efficien-

cies are somewhat, though not greatly, lower than correspond-

ing figures upon power boilers.

(6). Illinois coal. The efficiencies obtained indicate the de-

sirability of improvement in order that Illinois coal may be placed
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more nearly on an equal footing with other fuels in this respect
when employed for house-heating purposes.

(7). Evaporative performance. The equivalent water evapo-
rated from and at 212 F. per sq. ft. of heating surface varied in

the case of boiler Di from 3.36 Ib. to 3.91 Ib. and in the case of

boiler D2 from 2.48 Ib. to 2.89 Ib. If these small boilers were rat-

ed upon 10 sq. ft. of heating surface to 1 b. h. p. ,
which is equiva-

lent to an evaporation of 3.45 Ib. per sq. ft., when operating at

100 per cent capacity, then boiler Di under the test conditions was
evaporating water at quite as high a rate as is usual in power
boiler work, while boiler D2, owing to its greater heating surface,
was evaporating water at a somewhat lower rate, but still at one
which is by no means uncommon in ordinary power boiler work.
When it is remembered that these boilers were operating at ap-

proximately 65 per cent of their rated capacity it will be seen that

high rates of evaporation would be required if they were operated
at 100 per cent rated capacity, or if forced to an overload. The
variable demand upon the house-heating boiler will at times
necessitate very high or very low rates of evaporation per square
foot of heating surface, and the nature of the service may readily
warrant somewhat inefficient performance under these conditions

in order that the equipment be comparatively small, simple in

construction and easily operated. It would appear, however, that

a rate of evaporation much higher than has been found economi-
cal or advisable in power boiler work should also be avoided in

house-heating boiler work if that be possible, and the effort should
be made to so adapt the fuel and equipment that a rate of evapo-
ration would be obtained which under average operating con-

ditions would be most apt to be accompanied by high efficiency.

(8). Average operating conditions. The conditions under
which house-heating boilers operate are so varied that it is impos-
sible to state any given per cent of their rated capacity as even

approximately that of average operating conditions. A boiler

used for heating an office building, school house, or in work of a

similar character might be operated at a relatively high average
capacity as high or higher than 65 per cent as obtained in the

tests under consideration, while in residence work on a small

scale a boiler may only be required to operate at a high capacity
for a few hours each day and the average load may not be more
than 20 per cent of the rated capacity.
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(9). Efficiency and capacity. The arrangement and amount
of heating surface advisable for low capacities may be unsuited
for high capacities and deductions in regard to any particular
feature of house-heating boiler performance must be made with

regard for such conditions. The tests here considered have all

been run at practically one capacity (65 per cent of the rated capa-

city) and give little information in regard to efficiency as affected

by varying capacity. The uniformly lower efficiency of boiler

Di as compared with boiler D2 with the corresponding high evap-
oration per square foot of heating surface would indicate that

high rates of evaporation per square foot of heating surface due
to reduced heating surface tend toward low efficiency at least in

the neighborhood of the capacities at which the tests were run.

A series of tests is now under way operating these boilers at

capacities varying from about 10 per cent to 100 per cent of their

rated capacity in order to throw further light upon the relation

of efficiency to capacity. The rated capacities of Di and Ds, 800
and 1075 square feet of radiation, respectively, are closely propor-
tional to the fuel capacity of the fire-boxes, while the ratio of capa-

city (expressed in square feet of radiation) to the total heating
surface is much higher in the case of boiler Di than of D2, that is,

when operating at full capacity one square foot of heating sur-

face in boiler Di must serve 18.2 square feet of radiating surface

while for boiler D2 one square foot of heating surface serves only
14.2 square feet of radiation. The ratio of direct to total heating
surface is higher in the case of Di than of D2.

B. Length of Tests and Method of Conducting
In order to determine what length of test was best in order

to secure data of a satisfactory character, tests of eight, sixteen,
and twenty-four hours were run with each fuel upon each boiler.

The principal item affected by the length of the test is the

amount of fuel consumed, which in turn affects many of the other

important calculated items. The difficulties attending the deter-

mination of the amount of fuel consumed have been discussed and
the manner in which the longer test tends to eliminate the errors

which occur.

(l). Fuel consumption. Fig. 2-5, pp. 27-30, show the coal

as fired, plotted on a time base, for each test made with

four of the fuels tested. In all cases the slope of the coal
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line representing the period of the first charge of fuel is steeper
than the slope of the line of subsequent firings. This is particularly

marked in the case of the anthracite. An examination of the line
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representing the second firing will in some cases disclose the
fact that some unconsumed fuel remained in the fire-box at the

time of the second firing and was then burned, making that period
somewhat longer than subsequent periods. The time of the last
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firing will also be noted as often being longer than the preceding

periods on account of the fire being allowed to burn out some-

what more completely at the end of the test than was usual at the

end of the other firing periods. As a rule, however, after the

first firing the slope of the coal line is quite uniform, and it was
the general opinion of the observers that after the first or second
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firing period the test conditions could readily be kept practically

uniform for any reasonable length of time. At the beginning of

this series of tests it was thought possible that after making the
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tests, starting and stopping by the method adopted, it might be

possible to divide the data so as to omit one or more of the firing

periods, such as the first, or first and last periods, retaining only
those periods as a portion of the test during which conditions

were apparently constant. This would in effect give a test using
the alternate method of starting and stopping. It has, however,
not been thought advisable to attempt such a division of the data

and discussion of it here. Many of the tests consisted of but

three or four firing periods and the elimination of one or more

periods would make the duration of the test extremely brief and

correspondingly magnify errors due to the varying fire conditions.

The methods adopted for determining the amount of fuel con-

sumed were found to be very satisfactory and it seemed that

little or nothing was to be gained by discussing the data upon a

basis which might give less accurate values for that important
item.

(2). Efficiency and evaporation as affected by length of test.

Table 4 shows the equivalent evaporation and efficiencies for all

tests, grouped as tests 8, 16 and 24 hours long. The same data

are plotted in Fig. 6 and 7. In the majority of the tests the rates

of evaporation and efficiencies are higher for the 16-hour tests

than for the 8-hour tests. This condition is true to a more
marked extent in the case of boiler Di than of boiler D2. The
lower efficiencies, in general, of the 8-hour tests may be due to

losses incurred through inefficient burning during the first fire

which would affect the results of the shorter tests to the greater
extent. Accumulations of soot in the flues of boiler D2 and the

extent to which this soot was burned out during the tests may
have affected efficiencies to a considerable extent. Comparing
the rates of evaporation and efficiency for the 16-hour and 24-hour

tests the differences are in general not so great as between the

8 and 16-hour tests.

No complete explanation is here offered as to the cause of this

variation in the matter of efficiency and rate of evaporation per

pound of fuel for tests of different length. In some individual

tests varying conditions which were noted were thought to have

caused these changes either in part or altogether, but no general
conclusion in this respect could be drawn. It was, however, con-

sidered that 16-hour tests would give results more reliable and

better for comparative purposes than 8-hour tests and that as be-
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TABLE 4

EQUIVALENT EVAPORATION AND EFFICIENCY FOR DIFFERENT LENGTHS
OF TESTS
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end of a given interval of time. In case the firing charges were

large or the load light, the length of the test might with advan-

tage be somewhat longer than 16 hours. The length of 16 hours
is given as approximately the minimum time which would give
results that could be considered as satisfactorily comparable.
Under the test conditions the 8 hour tests were liable to be con-

siderably affected by the varying fire conditions at the start and

stop of the test, while it seemed that after about 16 hours little

was gained by running the test through 24-hour or longer periods.
It is likely, however, that for service tests with very variable

5,0

12 14- 16 IS 20 22
LENGTH OF TEST; HOURS. BOILER D,

10 IZ 14 16 18 2O 22
LENGTH OF TEST, HOURS. BOILER O2

24-
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HOUR5- BOILER DZ

FIG. 7 RELATION BETWEEN PLANT EFFICIENCY AND LENGTH
OF TEST

loading and operating at low average capacity, a test of 24 hours

or longer will be found desirable.

G. Fuel Cost

(l). Price and heating value. The great advantage of Illinois

coal for the Illinois user and others within a reasonable distance

of the field is in its low price. First-class Illinois coal for domes-

tic purposes can be purchased for one-half or less than one-half

the price which must be paid for anthracite. While the heating



SNODGRASS FUEL TESTS HOUSE-HEATING BOILERS 35

TABLE 5

RELATIVE COST OF FUELS
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These were purchased mostly from local dealers and have already

been described in the paragraph on fuels on page 14. Almost all

of these fuels can be purchased somewhat more cheaply in larger

quantities. Column 3 gives the heating capacity per pound for

each fuel as taken from Table 3, page 18 and Column 4 the cost

of 14600 B. t. u. as purchased in each. (The number 14600

B. t. u. as the calorific value of a pound of pure carbon is taken as

a convenient unit for comparison.) In Column 5 is given the cost

per pound of fixed carbon for the different fuels. Columns 6, 7 and

8 give three of the principal operating conditions inserted here

for convenience in making comparisons and in showing the degree
of uniformity of these conditions. Columns 9, 10 and 11 give

the fuel cost of evaporating 1000 Ib. of water from and at 212 F.

and percentage relations concerning the same. Column 12 also

presents the results relative to fuel cost and evaporation stated

in terms of serving 100 sq. ft. of radiation. Column 13 gives

averages of plant efficiencies.

(3). Cost per B. t. u. and per pound of fixed carbon. It will be

noted that the cost per B. t. u. is almost three times as much in

the case of anthracite as in the cheapest of the Illinois coals.

When comparing the costs per pound of fixed carbon, which under

present conditions of burning is a very important consideration,

the differences in price are not as marked, the cokes having the

lowest cost per pound in this respect. It is to be supposed that

the heat content of the fixed carbon is utilized to about the same
extent for all the fuels, the variations in efficiency being largely

due to incomplete utilization of the heat-content of the volatile

matter. The relation of efficiency to fixed carbon content has

already been shown graphically in Fig. 1, page 22. In Fig. 8 and

9 average efficiencies have been plotted with relation to cost per
B. t. u. per cent volatile and per cent of fixed carbon. These

figures show graphically the higher efficiencies obtained with the

higher priced fuels, and those high in fixed carbon content, as

contrasted with those high in volatile matter, and indicate the

, desirability of developing methods for burning the cheap and

high volatile fuels in a more efficient manner.

(4). Cost of evaporation. The rate of combustion and rate of

evaporation per square foot of heating surface are both lower in

the case of boiler D2 owing (aside from efficiency differences) to

the greater grate and heating surfaces of that boiler relative to the
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rated capacity. The cost of evaporating 1000 Ib. of water from
and at 212 F. varies from 62.37 cents for anthracite on boiler Di
to 23. 40 cents for the cheapest of the Illinois coal tested on boiler

Da. If evaporative performance alone be considered, this shows
a saving of 62.5 per cent of the cost of the anthracite for the

extreme cases noted. Considering each boiler separately the cor-

responding figures are savings of 59.7 and 56.3 per cent, respect-

ively, in the case of boiler Di and boiler D2. Similar differences

as between anthracite and the other fuels, also between Illinois

coals and the Pocahontas coal and the cokes, while not as great,

are sufficient to warrant, other conditions being equal, the choice

of Illinois coal on the ground of economy. The same percentage
differences relative to fuel cost apply to the cost of serving 100

sq. ft. of radiation per hour as to the cost of evaporating 1000 Ib.

of water, and Column 12 merely presents in a slightly different

manner the fact that as between the extreme cases of the tests

considered the same heating effect was produced by one of the

Illinois coals at 37.5 per cent of the fuel cost of the anthracite.

(5). Relativefuel values as determined by tests. In Table 7 are

presented relative values of the fuels tested. These values are

based upon evaporative performance as determined under the test

conditions and this fact should be borne in mind in comparing
them. In the first part of the table the cost of evaporating 1000

Ib. of water from and at 212 F. is shown for fuel prices ranging
from $1.00 to $10.00 per ton for each fuel. Comparisons may be

made in the following manner: if in a certain locality anthracite

costs $8.00 per ton and Williamson County, Illinois, coal cost $4.00

per ton it will be seen that it will cost 56.21 cents to evaporate
1000 Ib. of water with the anthracite and 31.84 cents to do the

same work with the Illinois coal.

In the second part of the table the same relative values are

given in a somewhat different manner. The relative values

of the different fuels per ton are expressed in dollars with

the price of anthracite ranging from $1.00 to $10.00 per ton. If,

for example, in a given locality, anthracite costs $8.00 per ton,

Williamson County, Illinois, coal is (for evaporating purposes)
worth $7.03 per ton and if the Illinois coal can be bought for a

less price than $7.03 a saving can be made by using it instead of

the anthracite. Again, if at a certain place Williamson County
coal can be purchased for $3.51 per ton then (for evaporative
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TABLE 7

RELATIVE VALUE OP FUELS FOR USE IN HOUSE-HEATING BOILERS AS
DETERMINED BY EVAPORATIVE TESTS ON Two TYPES OF

BOILERS WHEN OPERATED AT 65 PER CENT OF
THEIR RATED CAPACITY

Kind of Fuel
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for each fuel if considered necessary and was in general not

changed during the tests with that fuel. It was found advisable

to keep the ash-pit as nearly air tight as possible except for the

damper in the ash-pit door in order that the fire might be effect-

ually checked when the damper was closed. This was found par-

ticularly desirable in the case of the quick burning Illinois coal.

In general the attention required by the Pocahontas and Illinois

coals was considerably more than that required by the anthracite

and coke. The regulation was also much more uniform when

burning the anthracite and coke than with the other fuels.

E. Smoke
In Table 15, page 90, Appendix A, are given data relative to

the smoke produced. Smoke records were not taken at all times.

For the majority of the tests a record was taken for only one fir-

ing interval, that is, from the time of firing one charge of fuel to the

time of making the next charge, and no data are here tabulated

except such as extend over such a complete interval. Smoke rec-

ords taken during the first firing interval were affected by the

smoke produced by the kindling used. This is particularly marked
in the case of the Solvay coke as practically no smoke was pro-

duced with this fuel after the first firing. During the time of

making smoke records, observations were made at one minute in-

tervals while smoke was being produced and at somewhat longer
intervals when it was known that no smoke was beinsj produced.
The smoke produced was often of a yellow or brownish color and
difficult to compare by means of the Ringelmann color scale, also

owing to several changes in the personnel of observers it is not to

be expected that the observations are strictly comparable. It is

believed, however, that they represent fairly well the smoke con-

ditions as nearly as that can be done by the methods employed.
In making and tabulating the smoke records the Ringlemann
chart numbers 1,2, 3, 4 and 5 were considered as representing

20, 40, 60, 80 and 100 per cent black smoke respectively.

F. Cleanliness

In matters of cleanliness in and about the boiler room, the

anthracite and coke were superior to the other fuels. The total

ash from the Pocahontas coal was comparatively small in amount,
free from clinkers and easily handled. This also was true to a

somewhat less extent for the anthracite and cokes, while the ash
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from the Illinois coals contained more or less clinkers, was ob-

tained in greater amount and was more troublesome to handle.

Observations as to the thickness of the soot and ash collecting

upon the walls of the flues were made at the end of the tests.

These observations were incomplete and varied greatly as com-

pared with each other and are not reported. For a number of

the tests the soot which had collected in the flues was burned out

during the tests while in other cases this did not happen. Owing
to the arrangement of the flue surfaces with respect to the fire- pit

this burning of the soot was much more apt to take place in boiler

Di than in D2.

O. General

In making fuel tests with house-heating boilers especially if it

is desired to consider the boiler as well as the fuel being tested,

it would seem advisable to test at approximately the average ca-

pacity at which the fuel and equipment are to be operated, or if the

load demand is to be very variable, to test under conditions approx-

imately similar to the operating conditions. If the boiler is to be

used for heating purposes where the load demand will approach
its rated capacity and be fairly constant over a considerable por-

tion of the day, as might be the case in many comparatively large

installations, tests under those conditions will give results as to

efficiency, rate of evaporation, and other conditions which will be

dependable and of value. On the other hand, tests run under

conditions similar to those which might exist in a small residence,

only requiring a hot fire for a few hours and an average load of

possibly 20 per cent or 30 per cent of the rated capacity, would

give results for the most part applicable only to like service con-

ditions. This would necessitate tests of at least two general types,

one of which would be quite similar to tests as ordinarily run upon
power boilers, probably making evaporative performance the

main item sought, and the other would be of the nature of a ser-

vice test where much more relative attention would be paid to de-

tails concerning attendance, control, and cleanliness. Further

tests which are now in progress with house-heating apparatus
under various conditions as to capacity and service will, it is hoped,
throw some further light upon the relations existing under widely

varying service conditions.

In making a comparison of the fuels tested as to the advan-

tages or disadvantages possessed by each, it is necessary to keep
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in mind the conditions under which these particular tests were
made. Other test conditions as to capacity or attendance might
warrant in some respects quite different conclusions.

Several general observations may, however, be made. Con-

sidering the cost factor as expressed in the cost per ton of fuel,

cost per heat unit and cost per unit of evaporation, the Illinois

coal has so great an advantage over anthracite or high-priced
eastern coals that it seems probable ftiat this factor alone will in

a very large number of cases and to an ever increasing degree
bring about the use of the cheaper fuel. This condition will come
about in spite of recognized disadvantages with regard to smoke,
dirt and more or less troublesome fire control, and emphasizes the

necessity of perfecting conditions, fuels, or equipment, so that

these drawbacks may be eliminated or reduced to a minimum.
Fire conditions and general cleanliness can be bettered through
proper screening and sizing of the coal, probably through wash-

ing at the mines, and through improvements made upon the fuel

burning equipment. Similar care and attention to the matter of

details will also to a certain extent reduce the smoke given off.

At present, however, it seems unlikely that we can hope to burn
Illinois coal under average domestic conditions without producing
an amount of smoke which must be both unsightly and injurious.

Except for a limited number of localities where effective smoke
abatement laws may be operative, these conditions with respect
to smoke will doubtless continue to grow worse with the increas-

ing use of this fuel. Sufficiently decided and immediate improve-
ment in regard to smoke prevention when burning Illinois coal in

these small units is hardly to be looked for, and the remedy would
seem to be rather in central station heating work or in previous

preparation of the fuel to render it smokeless. Central station

heating is at present only to be considered under special condi-

tions and can not be considered as a solution of the problem as a

whole. The most important and at the present time practicable
method of previously preparing the fuel is through its conver-

sion into coke. Considering cost as illustrated by the tests made
it would appear that coke is still at a considerable disadvantage
with respect to the raw Illinois coal, not, however, to so great an
extent as anthracite. Coke has the advantages of smokelessness
and cleanliness possessed by anthracite, but upon the other hand
is handicapped by certain disadvantages, such as its comparative
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bulk, the non-suitability of a great proportion of the present

heating apparatus to burn it to the best advantage, or in suffi-

cient quantity under extreme weather conditions. Apparatus
especially designed for burning coke will doubtless eliminate

these difficulties to a large extent. Manufacturers of house-heat-

ing apparatus are at present offering equipment specially designed
to meet this demand. Further, it is to be hoped that with the

increased coke production, particularly the increased production
from Illinois coal, there will come prices that will permit coke to

compete favorably with the less clean fuels with respect to cost.

The general use of coke as fuel for domestic purposes, and the

consequent non-production of black smoke would eliminate a

phase of the smoke problem which at present is both serious and
difficult to handle. In a larger way also, the use of coke, as pre-

pared for example by the Solvay or by-product process, appears
to be in the direction of a solution of both the smoke problem and
the problem of the economic use of the coal supply. Aside from
the condition of blackness, due to unconsumed carbon, smoke con-

tains other constituents, also injurious to both health and materi-

als. The sulphur content, which in Illinois coal is relatively high,

gives rise to one of the most injurious of such constituents. The
proper preparation of Illinois coal for domestic use, whatever the

process may be, should take out or reduce the quantity of injurious
elements contained in the coal. The process of coal washing and
the conversion of coal to coke are both beneficial in this respect
and may be considered as steps in the right direction with regard
to reducing the injury due both to the visible blackness of the

smoke, and to the injurious constituents which occur, such as

colorless gases.

In general, then, we may conclude: (1) that on the score of

economy the high-priced eastern coals must give way to the

cheaper home product; (2) that that product will be used in con-

tinually increasing quantities for domestic purposes; (3) that

this condition will be accompanied by improved equipment and
methods of burning the cheaper fuel; (4) that the use of raw
Illinois coal will continue to be accompanied by a considerable

amount of smoke and dirt which must eventually lead to some

adequate method of preparing this fuel in order to eliminate this

feature; (5) that the conversion of Illinois coal to coke offers, at

present, a seemingly satisfactory method of such preparation;
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and (6) that with the adaptation of equipment to satisfactorily

burn coke at a price which for coke will put it on an equal footing
with raw coal, coke may be expected to take a very important

place as a domestic fuel, and be an important factor in its rela-

tion to the smoke problem and the fuel question as a whole.

10. Equipment
These tests were conducted with two house-heating boilers

installed by the Engineering Experiment Station at the Univer-

sity of Illinois. The boilers have been designated as boiler Di

36 //<?/

fan engine

FIG. 10 PLAN OF HOUSE-HEATING BOILER TEST PLANT

ENGINEERING EXPERIMENT STATION, UNIVERSITY OF ILLINOIS
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and boiler D2. In the U. S. G. S. bulletin, which also reports
the principal data and result of these tests, boilers Di and D2 are

referred to respectively as boilers A and B.

In Fig. 10 is shown in plan the arrangement of the plant,

and in Fig. 11, from a photograph, is shown the general arrange-
ment. The boilers are set independently, each being provided
with similar load regulators, return feed water systems, and
stacks. The flow is so arranged that the steam may be dis-

charged to the atmosphere through an exhaust head above

the roof of the building, or into heating coils at the rear of the

boilers. These coils contain 1000 sq. ft. of radiating surface and
are arranged in six sections, any number of which may be cut

out, changing the amount of radiation in proportion. They form
a part of the regular heating system of the laboratory.

. Boiler Di is made up of four horizontal cast-iron sections, the

base and grate section, the fire- pot, an intermediate circulation

section, and the dome. Fig. 3 2 gives a view of the boiler erected.

The water space surrounds the fire- pot, and is continued into the

intermediate and dome sections through three nipples.

FIG. 12 BOILER Di

The boiler upon which the tests were made is one rated at

800 sq. ft. The principal dimensions and proportions of this

boiler are given in Table 8.
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TABLE 8

DIMENSIONS OF BOILER I>i

Rated capacity, radiating surface square feet 800

Height over all feet 5i
Floor space square feet 9

Size of fire door inches 8i x 15

Height of fire door above grate inches 14

Fuel capacity to center of fire door. . . . pounds 290
Kind of grate plain rocking
Size of grate inches 28 diameter
Area of grate surface square feet 4.28

Area of air space square feet 2. 15

Ratio of air space to grate surface per cent 50
Mean height of furnace inches 22.5

Height of chimney above grate feet 39

Sectional area of chimney square feet 1.07

Area of flue connecting to chimney square feet .55

Length of flue connecting to chimney , . feet 14

Least flue area in boiler square feet .67

Ratio of least flue area to grate surface. per cent 15.5

Smoke outlet above grate feet 4. 17

Kind of draft natural
Direct water heating surface square feet 18.8

Indirect water heating surface square feet 20.7

Superheating surface square feet 4.2

Total heating surface square feet 43.7

Ratio of direct heating surface to total.. per cent 43

Ratio of total heating surface to grate
surface 10. 2 to 1

Total water and steam space cubic feet 7.38

Steam space cubic feet 3.07

Water space cubic feet 4.31

Square feet of external boiler surface in

contact with water or steam 37.88

Boiler D2 represents a type of sectional construction in which

the base or grate portion and the water-heating portions are

built up of interchangeable cast-iron sections, these sections or

water legs being connected by means of external circulation

drums or headers. Fig. 13 and 14 are respectively an assembled

and a sectional view of the boiler, and give an excellent idea of

the water space, gas travel, and general construction.

Fig. 13 is from a photograph of the boiler tested.
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FIG. 13 BOILER D 2

FIG. 14 SECTIONAL VIEW BOILER D2
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This type of boiler is particularly adapted to a number of ex-

perimental studies of house-beating boiler work as related to

boiler proportions, on account of the ease with which such pro-

portions may be varied. This boiler is manufactured in three

widths of grate, and boilers of different capacities are obtained

by combining with the different widths of grate a greater or less

number of water leg and grate sections.

The boiler installed in the plant has a grate 18 in. wide, is

supplied with ten intermediate sections, and with 13-hole supply
and return drums, so that a number of combinations are available.

For the tests here considered the boiler consisted of nine

sections. The principal dimensions and proportions are given
in Table 9.

TABLE 9

DIMENSIONS OF BOILER Dz

Rated capacity, radiating surface square feet 1075

Height over all feet 51

Floor space square feet 25

Size of fire door inches 9x15
Height of bottom of fire door above grate inches 10

Fuel capacity to center of fire door pounds 370

Kind of grate patent rocker

Width of grate inches 18

Length of grate inches 48

Area of grate surface square feet 6.0

Area of air space square feet 3.0

Ratios of air space to grate surface .... per cent 50

Mean height of furnace inches 22

Height of chimney above grate feet 39

Diameter of flue inches 14

Sectional area of chimney square feet 1.07

Area of flue connecting to chimney . . . .square feet .55

Length of flue connecting to chimney. . feet 12i

Least flue area in boiler square feet .495

Ratio of least flue area to grate surface per cent 8.23

Smoke outlet above grate feet 3.0

Kind of draft natural

Direct water heating surface square feet 21.89
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Indirect water heating surface square feet 53.98

Superheating surface none
Total heating surface square feet 75.87

Ratio of direct heating surface to total. percent 28.9

Ratio of total heating surface to grate
surface 12.6 to 1

Total water and steam space cubic feet 11.16

Steam space cubic feet 3. 28

Water space cubic feet 7.88

Square feet of external boiler surface in

contact with water or steam square feet 103.27

(1) Feed water system. The adoption of the arrangement here

described, in which the feed water is forced from the measuring
tanks into the boiler by means of compressed air, was influenced

to some degree by the desire to use condensation water from the

heating coils, noted on page 47. It has, however, proved very
satisfactory, requiring little attention, and is convenient, since

all of the apparatus is located upon the same level and within

easy range for the observer. The arrangement of this apparatus
is shown in Fig. 10 and 11. pages 45 and 46. The tanks are or-

dinary galvanized iron range tanks. One supply tank of fifty-

four gallons is connected directly in the return from the heating
coils. The inlet pipe passes to the bottom of the tank, and the

outlet is at the top so that the tank is at all times filled with hot

water.

The measuring tanks, or feed tanks, one for each boiler, 35

gallons capacity, are fitted with gage glasses and scales gradu-
ated to read pounds direct, correction being made for varying
temperatures. An overflow pipe, with valve, located at the top
of the scale, allows filling the tank with a definite charge of

water.

These tanks, as stated above, are connected with the labora-

tory compressed air system, and during feeding are under pres-

sure sufficient to force the water into the boilers. A I -in. needle

valve near the boiler allows close regulation of the feed. The
heating system is under three to five pounds pressure, so that

the measuring tanks can be filled by simply opening a valve lead-

ing to the supply tank. The measuring tanks can be filled some-

what more rapidly if it is desired, by means of compressed air,
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suitable connections being in place. The air pressure and boiler

are cut off from the measuring: tanks and the overflow opened
during charging.

(2). Load regulator and separator. Since these small heating
boilers are designed to regulate themselves, under control of

their automatic damper regulators, the rate of combustion may
be kept fairly regular by keeping the rate of evaporation con-

stant. This has been accomplished by the use of a pressure

regulator, by means of which a steady flow of steam is dis-

charged from a constant pressure receiver through a suitable

orifice into the atmosphere, provision being made for varying
the load to suit the specific demand of the test.

The receivers perform the duty of separators and are thus

used to replace the usual steam calorimeter, for which reason

the receivers and pipes are heavily lagged with hair felt and

pipe covering, one inch of felt being first laid next to the iron

and above this a one -inch thickness of magnesia pipe covering.
The regulators are shown to the right and left of the boilers in

Fig. 11, page 46.

Fig. 15 shows one of the load regulators with its covering
removed. The steam from the boiler passes through the pressure

regulator A into a 3-inch pipe, which extends through the

top of the receiver and nearly to the reducing tee at the bottom.

Here the direction of steam is changed and entrained moisture

separated, the dry steam passing up and out through F and fco

the exhaust main J, through an orifice plate in the 2-inch union

G, the pipe J being open to the atmosphere. Difference of pres-
sure as between the receiver and on the exhaust side of the ori-

fice plate as at J, is indicated by a mercury manometer at C made
up with suitable connections. A slight back pressure due to fric-

tion usually existed in pipe J. No attempt was made to compute
the evaporation in this manner. The moisture separated from
the steam collects in the 3-inch trap Z), the amount of which is in-

dicated in pounds and fractions on the gage glass. Some mois-

ture originally in the steam is, doubtless, evaporated in passing
the reducing valve, consequently correction of computed results

for quality of steam and conversion to equivalent evaporation
from and at 212 are made on the basis of the mean pressure
maintained in the receiver, which is usually about two pounds.
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Variation in load is obtained by the introduction of suitable

orifices at G. The by-pass valve E, allows changes to be made
during operation, the orifices taking the place of a gasket in the

union.

FIG. 15 LOAD REGULATOR
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II. FUEL TESTS WITH HOUSE HEATING BOILERS MADE BY THE
UNITED STATES GEOLOGICAL SURVEY

(58 tests: 47 with briquetted fuel; 11 with raw fuel).

11. Introduction

As has been stated already the material presented in Part
II was almost entirely supplied through the courtesy of the

Technologic Branch of the U. S. G. S. These tests are more

fully reported in bulletin No. 366 by theU. S. G. S.

Beginning in October, 1906, a number of evaporative tests

were made at St. Louis, Missouri, under the direction of the United

States Geological Survey, on the house-heating boiler installed

to heat the buildings occupied by the Structural Materials Test-

ing Division. 58 such tests were made; 11 tests were made with

raw coal and 47 with briquetted coal having a binder of pitch.

12. Summary and Conclusions

The briquets and coal burned on the tests at St. Louis came
from eleven states or territories. There were 58 tests, 11 on

raw coals, 34 on round briquets and 13 on square briquets.

Most tests ran about 8 hours and carried an average steam

pressure of from 2 to 3 Ib. The amount of fuel fired at

each firing varied from 55 to 175 Ib. The interval between

firings varied considerably; on some tests coal was fired every half

hour and on others every two hours. The average efficiency of

all of the tests was 51.48; it varied from 38.67 on an Illinois coal

to 65.36 on a Virginia coal. The average per cent of builders'

rated capacity developed was 59.2. It ranged from 44 per cent

on an Illinois coal to 77.2 on an Indian Territory coal. The lowest

boiler horse-power developed was 12.1 and the highest 20. 6. With
fuel at $1.00 per 2000 Ib.

,
the cost of evaporating 1000 Ib. of water

from and at 212 F. varied from 5.56 cents for a Pennsylvania
coal briquetted to 11.93 cents for an Illinois coal briquetted.

Most of the briquets, whether made from eastern or western

coal, smoked badly for several minutes after firing. Of the coal

tested raw, 6 were on western and 5 on eastern coal. The high
volatile western coals smoked badly, but the eastern coals made

comparatively little smoke.
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13. Fuel

Table 10 gives a description of the coal and binders used

in the briquets tested. Further information relative to the coal

tested and to the binders employed has been published in the

bulletins of the U. S. G. S.* The chemical properties of these

fuels as shown by proximate and ultimate analyses are contained

in Table 16, on page 94, Appendix B.

On comparing the results of tests on the coal and briquets
there seems to be no advantage in the briquets over coal of a

suitable size for house boiler heating. Briquetting a good bitu-

minous coal would be justified when slack is used for material

and the gain would be due almost entirely to the more favorable

size of the fuel. This gain is less for coals which coke readily

than for non-coking coals which are not suitable for domestic

purposes in the form of slack. Briquets made from such coal burn

fairly well, as they allow the air to pass up through the fuel bed.

These experiments have shown that the pitch binders used

are not suitable for a furnace working at the low temperatures
common in a house-heating boiler, as they volatilized and in most
cases escaped unburned or were deposited on the surface of the

boiler. This coating generally burned off once or twice a day,

causing a high temperature in the flue, and, as a consequence,

danger from fire.

14. Methods of Conducting Tests

The tests were made to conform as nearly as possible to

actual running conditions of the average house- heating boiler

plant. Steam was supplied to two buildings for heating and con-

sequently the load varied with the weather, according to both the

temperature of the outside air and velocity of the wind. On only
a few of the tests was the heating load so light that steam was
turned into the atmosphere.

The tests usually covered a period of about eight hours; dur-

ing this time the operator tried to maintain a steam pressure of

about three pounds. The alternate method, as prescribed by the

A. S. M. E. code for making boiler trials, was used in starting

and stopping the tests. The boiler was installed in so small a

* Bulletin 332, Report U. S. Fuel Testing Plant 1906-7.

Bulletin 261, Preliminary Report on Coal Testing Plant.

Bulletin 343, Binders for coal briquets.
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TABLE 10 COAL AND BINDERS USED IN BRIQUETS

Coal
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room that the standard method ot starting and stopping the tests

was not practicable.

Each test was started with a fire about 4 in. thick. This

thickness was gradually increased, varying from 12 to 18 in.

depending upon the kind of coal burned and upon the judgment
of the operator as to the best thickness for good combustion. To
start a test with a 4-in. fuel bed required that the same coal used

on the test must be fired for about four hours before the start

of the test. To build up the fire required light firings at first and

the same procedure was followed to burn it down for a close. At
other times during the tests the amount of coal fired was consider-

ably greater. Coal was fired whenever the heat requirements
demanded it, usually at a time when the fire had burned down and

the steam pressure had dropped. When the coal was fired it was

spread over the entire fuel bed. The fire seldom required any
attention and it was never poked unless a coal was being burned

that coked badly. On the tests the fire was cleaned only just

before starting and stopping, except in two or three cases when
there was an unusually large accumulation of clinker upon the

grate.

Readings were taken of draft, temperature and steam pres-

sure, every 30 minutes. Smoke readings were taken as soon

after coal was fired as other observations would permit and it was

observed at intervals until the volatile matter had been driven

off and no smoke was given off from the stack.

Owing to the many duties of the observer there was difficulty in

securing and analyzing representative samples of flue gas, but the

results are considered of sufficient accuracy to indicate certain

general relations between the air supply and the performance of

the boiler.

All gas samples analyzed gave some CO in the flue gas. This

was to be expected as the combustion was never complete on any
of the tests as evidenced by watching the top of the stack.

Observations showed the smoke black at times of firing and

comparable with the Ringelmann charts, gradually turning gray
after several minutes. This is of interest owing to the fact that

the gases resulting from the combustion of briquets at the Illinois

Engineering Experiment Station were usually of a dirty yellowish

color and not comparable with the usual standard.

All briquets were fired whole. Shortly after they were fired
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distillation of the tar took place and condensed on the boiler sur-

face, forming a covering over the flue passages. When the fire

was allowed to burn freely the coating on flues ignited. This
often happened two or three times during an eight hour run and
would increase the temperature in the flues as high as 1500 P.

On this account a thermo-couple was used to take the temperature
of the stack gases.

The furnace door was opened only at times of firing. An
attempt was made on a few special briquet tests to reduce the

smoke after firings by opening the slide draft in the furnace door,
but either there was not enough air or it was admitted at the wrong
point for there was no appreciable reduction of smoke. No
attempt was ever made to introduce air over the fire on the regular
series of tests.

The flue passages were not brushed during the tests with

briquets as the burning of the tar effectually cleaned the boiler

surfaces. In some cases the tar coating without doubt greatly
lowered the efficiency of the boiler. It will be noted that the raw
coal gave better results than when briquetted.

The analyses of the fuel burned and of the refuse were made
at the chemical laboratory of fche fuel testing plant.

15. Data and Results

In Table 16, pages 92 to 98, Appendix B, will be found the prin-

cipal data and results relative to these tests. Table 17, page 99,

gives the average per cent of CCte, 62 and CO for 52 of the tests.

16. Equipment

Fig. 16 and 17, pages 59 and 60 show plan and elevation

drawings of the house-heating boiler plant as tested at St. Louis.

The boiler on which these tests were made is of the sectional

type. It contains seven separate sections, measures 66 in. in

length, has a grate 36 x 54i in., three 5-in. steam outlets at the

top of the sections and is rated to take care of 3150 sq. ft. of ra-

diating surface.

The boiler furnished steam to two buildings, supplying the

necessary amount through two of the three outlets. The front

outlet was not in use and was capped over. This boiler is

made so that feed water may be supplied to every other section.

It enters at the base of the section on both sides just above the

grate level. There are six return inlets, but in this installation
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CHAIN TO CHECK DRAFT
AUTOMATIC REGULATOR

FIG. 16 PLAN OF HOUSE-HEATING BOILER PLANT AT
ST. Louis, Mo.

only the rear two were used. The piping was so arranged that

during a test period all of the condensation was returned to a

weighing tank, then allowed to discharge into a supply tank from

which it was forced into the boiler by means of a hand pump. The

temperature of the water entering the boiler varied from 100 to

150 P., but usually averaged 140 F. During a test all the

water entered the boiler through one of the rear inlet openings.
A sectional boiler is usually installed so that the steam as it

is taken from the sections is first drawn into a collecting drum, so

that water will not be carried into the pipes with the steam in case of

a sudden demand for steam. There was not enough head room
for the installation of this drum at the St. Louis plant and the

steam was drawn directly from two sections. Drain pipes con-
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MOISTURE RETURN

TO FEED II

TANK -Wn- -'

WASTE. PIPE

FIG. 17 ELEVATION OF HOUSE-HEATING BOILER PLANT AT
ST. Louis, Mo.

nected with the bottom of the steam pipes, as shown in the draw-

ing, carried moisture back to the boiler. No moisture readings
were made on the steam; therefore, in making calculations on the

amount of water evaporated, the moisture was not accounted for

and the boiler has been credited with slightly more work than it

performed.
A siphon damper regulator was used to control the draft

through the fire so that a nearly constant steam pressure might
be carried. This regulator was connected direct to the lower

check also by an arrangement of pulleys to the check in the flue.

On the first 30 tests the draft was supplied by a stack 32.4 ft.

above the grate. On these tests both natural and induced draft

were used. On the last 28 tests the stack was raised to 44.8 ft.

above the grate level. This height of stack always furnished the

required amount of draft.

All except the front of the boiler was lagged with about an

inch covering of plastic asbestos.
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III. FUEL TESTS WITH HOUSE-HEATING BOILERS MADE BY THE
ENGINEERING EXPERIMENT STATION

(24 tests with briquetted fuel)

17. Introduction

24 tests were made when burning briquetted fuel in connection

with house-heating boilers by the Engineering Experiment Station

of the University of Illinois during the months of June and July,

1907. The tests described in Part II of this article made by the

U. S. G. S., at St. Louis, led to the desire to conduct additional tests

under more constant conditions than could be maintained at

the St. Louis plant.

18. Summary

An average capacity of 65 per cent was carried on all of the

24 tests, the variation being from 53.2 to 71.4 percent. The
boiler horse-power developed on boiler Di ranged from 4.52 to

4.96; on boiler D2 from 4.97 to 6.16. The average efficiency of the

boiler and furnace, figured on a dry coal basis, gave 44.85 per
cent for the 24 tests. Comparing 8 tests on briquets, 4 of which

were made on large briquets and 4 on small briquets, it is shown
that in every case the large briquets gave an appreciably higher

efficiency showing that the size of the coal burned is an import-
ant factor. With fuel at $1.00 per 2000 lb., the cost of evaporat-

ing 1000 lb. of water from and at 212 F., varied from 6.74 cents

on a Pennsylvania briquet test to 12.47 cents on an Illinois test.

The briquets started readily from a wood fire and burned well,

but owing to the difficulty of obtaining complete combustion, the

average efficiency from an 8 hour test was low. The formation

of soot in the flues of boiler D2 was more troublesome than in

boiler Di. In two instances the flues of boiler D2 were completely

stopped up after an 8-hour run.

To carry only 65 per cent of the rated radiating surface the

draft through the fire was either cut off or very nearly so for one-

half to three-quarters of the time.
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19. Fuel

A carload of briquets was shipped to the Engineering Ex-

periment Station at Urbana, Illinois, and the results here record-

ed are from tests made with this fuel. The briquets were manu-
factured at the U. S. G. S. fuel testing plant and were of two
sizes and shapes. The round briquets were 3i in. in diameter and
2 in. thick. The square briquets were 4i in. x 6f in. x 2i in. 24 tests

were made, twelve on each of two boilers. 18 of the tests were
on round briquets manufactured with the Renfrow briquetting

machine, the other six with square briquets made on the English

briquetting machine. These machines and their products have

been described in the bulletins issued by the U. S. G. S., concern-

ing the fuel testing plant at St. Louis.* The square briquets

were broken in halves before firing. The percentages of pitch in

the briquets varied from 7 per cent to 8 per cent. The chemical

properties of these fuels as to moisture and ash are given in

Table 18, page 104, Appendix C.

20. Methods of Conducting Tests

The methods employed in conducting the tests were also in

general the same as those used in making the tests considered in

Part I and have been described in connection with those tests

under the heading "Methods of Conducting Tests" upon pages 15 to

20 inclusive. For the tests here considered the following are the

principal conditions under which they were planned to be run.

(l). The load to be maintained between 60 and 70 per cent

of the builders' rated capacity.

(#)'. The load to be uniform throughout the test.

(#). A steam pressure of 2 Ib. to be carried on the heating

system.

(4). A definite charge of coal to be supplied at each firing.

(5). Each test to be of approximately 8 hours' duration.

The air supply was taken entirely through the ash-pit door.

On some of the tests it might have been advisable to continu-

ously admit a part of the air used for combustion over the fire

through the furnace door or it might have been possible to have

increased the over- all efficiency of the boiler by admitting air

*Professional Paper No. 48. Part III.
Bulletin 261. Preliminary Report on Coal Testing Plant.
Bulletin 290. Operations of Fuel Testing Plant in 1905.
Bulletin 332. Report U. S. Fuel Testing Plant, 1906-7.

Bulletin 343. Binders for Coal Briquets.
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over the fire for a few minutes after each firing by cracking the

furnace door; however, since this is not commercially practicable,

no attempt was made to prove or disprove the statement.

The boiler flues were blown after the close of every test, so

that the heat developed on each of the tests had an equal chance
on the heating surface at the start of the test; however, on some
of the trials more soot was formed than on others, which made
the heating surface on these trials much less effective at the close

of the test than at the start.

The standard method of the A. S. M. E. code for conducting
boiler trials was employed, the test being started when the wood
was lighted. As soon as the wood was burning well, about 25 Ib.

of the fuel was fired. In about 8 or 10 minutes, the remainder of

a 75-lb. charge of fuel was fired.

Observations concerning temperatures, pressures, drafts and
water measurements were recorded every 15 minutes.

As the duration of the trials was to be approximately 8 hours,

just enough coal was put on the fire at the last firing to keep up
5 pounds steam pressure until time to close the test.

21. Data and Results

In Table 18, pages 102 to 108, Appendix C, will be found the

principal data and results relative to these tests.

(l). Soot Table 11, below, shows the amount and charac-

ter of soot found on flues of boilers Di and Da as determined and

recorded at the end of test. Measurements were taken in the

flues of the boiler.

TABLE 11

AMOUNT AND CHARACTER OF SOOT FORMED IN FLUES

Test
No.
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Owing to the fact that the character of the soot was so vari-

able, it is difficult to draw any conclusion on comparative thick-

ness of soot. The above table shows that there was a big varia-

tion in the amount of soot formed. It is noticeable that on sev-

eral of the tests a great deal of soot lodged in the flues and in a

few instances the flues were filled, choking the draft off entirely.

More difficulty was experienced with soot on Boiler D2 than on Di.

(2). Smoke The smoke observations for the tests made at

the Illinois Engineering Experiment Station are not reported

owing to the uncertainty of comparative accuracy. The readings

were extremely difficult to estimate, due largely to the peculiar

color of the smoke. Smoke of about a shade between Ringelmann
No. 1 and No. 2. from briquets made with pitch binder, is of a dirty

yellowish color and far more offensive than No. 4 smoke from

raw or washed coal, and probably would be of about the same

gravimetric density as the No. 4 smoke from coal. On all briquet

tests, the stack smoked badly for three-quarters of an hour after

firing. After about one hour after firing the stack was almost

clean, remaining so until another charge was fired.

22. Equipment

The equipment used in making these tests consisted of the

two house-heating boilers installed by the Engineering Experi-

ment Station of the University of Illinois and designated as

boiler Di and boiler D2. Except for a few minor changes in re-

gard to the type or arrangement of the apparatus used in making
observations, the equipment and its arrangement are the same as

employed when making the 48 tests considered in Part I of this

bulletin. Description of this equipment has already been given
and will be found upon pages 45 to 53, inclusive.
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APPENDIX A

23. Tabulated Results

The principal data and calculated results of the 48 tests are

given in Table 12, on pages 70 to 83. The column heading num-
bers ranging from 1 upon page 70 to 73 upon page 82, correspond
to the item numbers upon a final report sheet which was worked

up for each test, and in general are arranged in much the same
order as corresponding items in the A. S. M. E code for boiler

trials.

The first three columns upon each page of Table 12 are the

same, and serve as a guide in showing the connection through-
out the different pages. These columns give the laboratory test

number, the boiler operated and the kind of fuel used.

Upon page 70 are given the date upon which the test was

made, the length of the test in hours, and average values of

steam pressures, drafts and temperatures. The average steam

pressures are in no case recorded closer than to the nearest half

pound. The manometer on the receiver, being connected to give
the difference in pressure between the two sides of the orifice,

did not indicate the true pressure in the receiver. The pressure
on the exhaust side of the orifice plate was, however, so small

as not to make the average pressure higher than 2 Ib. as recorded

above. It will be noted that in one test the average pressure in

the receiver was 1.5 Ib.

The draft in the ashpit was taken along with other observa-

tions at regular 20 minute intervals. Owing to the fact that at

the time of taking such observations the damper to the ash-pit

might be in any position from tightly closed to wide open, an

average of such readings would be of little or no value and has

been omitted from the tabulated results. In general the draft in

the ash-pit varied from practically zero when the ash door open-

ing was wide open, to approximately the same draft as existed

over the fire when the damper was closed. A record of the

position of the ash door damper and the smoke pipe check was

kept in connection with the observations made upon drafts.
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Pages 72 and 75 contain information relative to the fuel.

Items 20, 21 and 21.1 show the amount of moist fuel fired while

item 21.2 shows the same as corrected on account of the residual

fuel drawn at the end of the test. Items 23 and 23. 1 show the

amount of fuel expressed as dry or moisture-free fuel. Item
23.2 gives the amount of dry fuel actually consumed, further cor-

rection having been made allowing for the unburned fuel removed
with the ash. Items 24 and 25 exhibit respectively the ash and re-

sidual fuel which were obtained for each test. Items 37 and 38,

page 76 give the analyses of the residual fuel as divided into car-

bon and earthy matter, while items 40 and 41 give corresponding'
information relative to the ash. Items 45 and 46 give the calorific

value for the fuel used in each test expressed upon both a dry
fuel and upon a fuel as fired basis. Items 43 and 44 exhibit the

average rate of combustion maintained, expressed as dry fuel per
hour and as dry fuel per square foot of grate surface per hour.

Upon page 74 are given the proximate analyses of the fuel

for each test with the items expressed in per cent of fuel as fired

and moisture-free coal. This table has already been referred to

in the sections concerning fuel and methods.

Page 78 presents information relative to the water evapo-
rated. Item 47 gives the moisture in the steam as determined in

the receiver. The steam from the boiler to the receiver was

probably dried to a considerable extent in passing the reducing
valve and a part of the moisture collected in the receiver is due
to condensation rather than entrained moisture. The moisture

as here recorded is not a measure of the dryness of the steam as

generated by the boiler at boiler pressure. It has, however,
been used in the calculations for determining boiler performance
as the moisture in the steam when reduced to receiver pressure.
It will be noted that the moisture content so determined is com-

paratively small and the corresponding corrections of little ef-

fect in the final determinations regarding evaporative perform-
ance. Items 49, 50 and 52 give the amount of water fed to the

boiler, the same corrected for quality of steam to give the amount

evaporated and the equivalent evaporation from and at 212 F.

Items 53 and 54 give operating conditions with reference to water

evaporated, showing the total equivalent evaporation per hour and
the same per square foot of heating-surface per hour. Items 48

and 51 are factors used in calculating other items listed on the table.
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Upon page 80 are given results relative to the load carried.

As already stated, the attempt was made to run at a load equal to

approximately 65 per cent of the boiler rating. An examination

of the per cent given under item 56 shows that the highest capac-

ity recorded for any test was 71.25 per cent and the lowest 58.38

per cent, the remainder of the values ranging between these two.

Item 55 gives the load expressed in square feet of radiation

served. For the purpose of calculating this load an evaporation

of 0.3 Ib. of water from and at 212 F. was considered equivalent

to serving one square foot of radiation for one hour. Table 8

shows that of the external boiler surface of boiler Di, 37.88 sq.ft.

was on the inner side in contact with steam and water, and Table

9 shows that 103 27 sq. ft. of the surface of boiler D2 was under

similar conditions. This surface could be considered radiating

surface and if added to the surface served as shown by item 55

would increase the load and show the boiler operating at a some-

what higher capacity than is shown by item 56, which is based

upon evaporation only, without regard to radiation loss from the

boiler. Item 55 . 1 shows the load carried when this boiler radi-

ating surface is added to the load as calculated from evaporative

performance. It is inserted here in order to call attention to

the very considerable difference which such an assumption would

make, but is not otherwise used in any of the calculations involv-

ing capacity, item 55 being used for that purpose. It was not

considered advisable to make use of item 55.1 owing to the un-

certainty as to how closely a square foot of the boiler radiating

surface might be considered equivalent to a square foot of radi-

ation as denned above, and especially on account of the fact that

house-heating boilers in service may not be lagged and their ex-

posed surface is rarely considered in estimating the radiating

surface served. In case the boilers under consideration were

lagged a portion only of the heat lost by radiation could have

been utilized in evaporating water.

Items 57 and 58 give the equivalent evaporation per pound
of fuel. Items 59 and 60 give the fuel consumed per hour per

;100 sq. ft. of radiation, expressed in fuel as fired and in dry fuel.

Items 61 and 62, page 82, give efficiencies as calculated in the

usual manner. Item 61 gives the efficiency when only the boiler

and furnace are considered. Item 62 gives the plant efficiency,
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that is, the efficiency of the boiler, furnace and grate. The
same grates were used thoughout and the efficiency of boiler and
furnace without grate differs from the efficiency with grate only
on account of the unconsumed fuel which passed through the

grate. The grates may have been more suitable for the reten-

tion of some of the fuels than of others. In so far as the grate
serves as a part of the furnace, as in the matter of air supply,
its effect is of course included in both efficiencies.

Items 64 and 65 give the cost of serving 100 sq. ft. of radia-

tion and of evaporating 1000 Ib. of water from and at 212 F.

based upon an assumed fuel cost of $1.00 per ton of 2000 Ib.

Items 70, 71, 72 and 73 give a number of the conditions which

prevailed with respect to fire conditions. Item 70 (fuel fired at

each firing) shows that 75 and 105 Ib. of fuel constituted the firing

charge for boilers Di and Ds, respectively. The first fire of each

test, however, consisted of this amount of fuel and a sufficient

weight of white pine kindling to ignite it. From 15 to 25 Ib. of

kindling were used in this manner upon each test. In all calcula-

tions involving fuel this kindling was allowed for on the basis of

1 Ib. of wood being equivalent to 0.4 Ib. of the fuel employed.
In calculating item 72 (average interval between times in

shaking and raking) each firing was considered as a time of shak-

ing and raking, whether the fire was touched or not, other than

to put on fresh fuel, also poking, leveling, or other working of

the fire was so considered. Where the average interval between

times of shaking and raking is the same as the average interval

between firings (item 71) the fire was not touched between firings

throughout the test.
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TABLE 13

FLUE GAS ANALYSES, HOUSE-HEATING BOILER TRIALS WITH
REPRESENTATIVE FUELS*

Kind of Fuel
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TABLE 14

COMPARISON OF FLUE GAS ANALYSES TAKEN AT DIFFERENT TIMES
DURING TEST, BOILER D2 , HOUSE-HEATING BOILER TRIALS

WITH REPRESENTATIVE FUELS
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TABLE 15

SMOKE CHART RECORD, HOUSE-HEATING BOILER TRIALS
WITH REPRESENTATIVE FUELS

6
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TABLE 16 TESTS OF FUEL IN HOUSE-HEATING BOILER AT ST. Louis*

Test

No-

j



SNODGRASS FUEL TESTS HOUSE-HEATING BOILERS

TABLE 16 TESTS OF FUEL IN HOUSE-HEATING BOILER AT
ST. Louis (Continued)
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TABLE 16 TESTS OF FUEL IN HOUSE-HEATING BOILER AT
ST. Louis (Continued)

Test

No.
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TABLE 16 TESTS OF FCJEL IN HOUSE HEATING BOILER AT %

ST. Louis (Continued)

Test

No.
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TABLE 16 TESTS OF FUEL IN HOUSE-HEATING BOILER AT
ST. Louis (Continued)

Test

No.
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TABLE 16 TESTS OF FUEL IN HOUSE-HEATING BOILER AT
ST. Louis (Continued)

Test

No.
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TABLE 16 TESTS OF FURL, IN HOUSE-HEATING BOILER AT
ST. Louis (Concluded).

Test

No.
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TABLE 17

AVERAGE PERCENTAGE OF CO2, 02, AND CO
FROM 52 TESTS MADE ON FUEL IN HOUSE-

HEATING BOILER AT ST. Louis

Test
No.
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TABLE 18

TESTS OF FUEL IN HOUSE-HEATING BOILERS MADE AT THE
ENGINEERING EXPERIMENT STATION UNIVERSITY OF

ILLINOIS*

Tests on Briquets
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TABLE 18

TESTS OF FUEL IN HOUSE- HEATING BOILERS MADE AT THE
ENGINEERING EXPERIMENT STATION, UNIVERSITY OF

ILLINOIS (Continued)

Tests on Briquets

i
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TABLE 18

TESTS OF FUEL IN HOUSE-HEATING BOILERS MADE AT
ENGINEERING EXPERIMENT STATION UNIVERSITY

OF ILLINOIS (Continued]

Tests on Briquets

1
00
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TABLE 18

TESTS OF FUEL IN HOUSE-HEATING BOILERS MADE AT THE
ENGINEERING EXPERIMENT STATION UNIVERSITY OF

ILLINOIS (Continued )

Tests on Briquets

Test

No.
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, TABLE 18

TESTS OF FUEL IN HOUSE-HEATING BOILERS MADE AT THE
ENGINEERING EXPERIMENT STATION, UNIVERSITY OF

ILLINOIS
( Continued)

Tests on Briquets

6
fc

4i
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TABLE 18

TESTS OF FUEL, IN HOUSE-HEATING BOILERS MADE AT THE
ENGINEERING EXPERIMENT STATION UNIVERSITY OF

ILLINOIS
( Continued)

Tests on Briquets

Test

No.
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TABLE 18

TESTS OF FUEL, IN HOUSE-HEATING BOILERS MADE, AT THE
ENGINEERING EXPERIMENT STATION, UNIVERSITY OF

ILLJN ois (Concluded)

Tests on Briquets

Test

No.
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of print).
Circular No. 1. High-Speed Tool Steels, by L. P. Breckenridge. 1905. (Out of print)
Bulletin No. 2. Tests of High-Speed Tool Steels on Cast Iron, by L. P. Breckenridge

and Henry B . Dirks. 1905. ( Out of print) .

Circular No. 2. Drainage of Earth Roads, by Ira O. Baker. 1906. (Out of print) .

Circular No, 3. Fuel Tests with Illinois Coal. (Compiled from tests made by the Tech-
nologic Branch of the TJ. S- G. S.. at the St. Louis, Mo., Fuel Testing Plant, 1904-1907, by L. P.
Breckenridge and Paul Diserens. 1909.

Bulletin No. 3. The Engineering Experiment Station of the University of Illinois, by
L. P. Breckenridge. 1906. (Out of print).

Bulletin No. 4. Ttjsts of Reinforced Concrete Beams, Series of 1905. by Arthur N
Talbot. 1906.

Bulletin No. 5. Resistance of Tubes to Collapse, by Albert P. Carman. 1906. ( Out of
print).

Bulletin No. 6. Holding Power of Railroad Spikes, by Roy I. Webber. 1906. (Out of
print).

Bulletin No. 7. Fuel Tests with Illinois Coals, by L. P. Breckenridge, S. W. Parr and
Henry B. Dirks. 1906. (Out of print).

Bulletin No. 8. Tests of Concrete: I. Shear; II. Bond, by Arthur N. Talbot. 1906. ( Out
ofprint).

Bulletin No. 9. An Extension of the Dewey Decimal System of Classification Applied
to the Engineering Industries, by L. P. Breckenridge and G. A. Goodenough. 1906.

Bulletin No. 10. Tests of Concrete and Reinforced Concrete Columns, Series of 1906, by
Arthur N. Talbot. 1907. (Out of print).

Bulletin No. 11. The Effect of Scale on the Transmission of Heat through Locomotive
Boiler Tubes, by Edward C. Schmidt and John M. Snodgrass. 1907. (Out of print).

Bulletin No. 12. Tests of Reinforced Concrete T-beams, Series of 1906, by Arthur N.
Talbot. 1907. (Out of print).

Bulletin No. 13. An Extension of the Dewey Decimal System of Classification Applied
to Architecture and Building, by N. Clifford Ricker. 1907.

Bulletin No. 14. Tests of Reinforced Concrete Beams, Series of 1906, by Arthur N.
Talbot. 1907* (Out ofprint).

Bulletin No. 15. How to Burn Illinois Coal without Smoke, by L. P. Breckenridge. 1908.

Bulletin No. 16. A Study of Roof Trusses, by N. Clifford Ricker. 1908.

Bulletin No. 17. The Weathering of Coal, by S. W. Parr, N. D. Hamilton, and W. F.
Wheeler. 1908. (Out of print).

Bulletin No. 18. The Strength of Chain Links, by G.A. Goodenough and L. E. Moore. 1908.

Bulletin No. 19. Comparative Tests of Carbon, Metallized Carbon and Tantalum Fila-

ment Lamps, by T. H. Amrine. 1908. (Out ofprint).
Bulletin No. 20. Tests of Concrete and Reinforced Concrete Columns, Series of 1907, by

Arthur N. Talbot. 1908. (Out ofprint).
Bulletin No. 21. Tests of a Liquid Air Plant, by C. S. Hudson and C. M. Garland. 1908

Bulletin No. 22. Tests of Cast-Iron and Reinforced Concrete Culvert Pipe, by Arthur N.
Talbot. 1908.

Bulletin No. 23. Voids. Settlement and Weight of Crushed Stone, by Ira O. Baker. 1908.

Bulletin No. 24. The Modification of Illinois Coal by Low Temperature Distillation, by
S. W. Parr andC. K. Francis. 1908.

Bulletin No. 25. Lighting Country Homes by Private Electric Plants, by T. H.
Amrine. 1908.

Bulletin No. 26. High Steam-Pressures in Locomotive Service. A Review of a Report to

the Carnegie Institution of Washington. By W. F. M. Goss. 1908.

Bulletin No. 27. Tests of Brick Columns and Terra Gotta Block Columns, by Arthur N.
Talbot and Duff A. Abrams. 1909 .

Bulletin No. 28, A Test of Three Large Reinforced Concrete Beams, by Arthur N.
Talbot. 1909.

Bulletin No. 29. Tests of Reinforced Concrete Beams: Resistance to Web Stresses,

by Arthur N. Talbot. 1909.

Bulletin No. 30. On the Rate of Formation of Carbon Monoxide in Gas Producers, by J.

K. Clement. L. H. Adams, and C. N. Haskins 1909.

Bulletin No, 31. Fuel Tests with House-heating Boilers, by J. M. Snodgrass. 1909.
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THE UNIVERSITY INCLUDES THE

COLLEGE OF LITERATURE AND ARTS (Ancient and Modern
Languages and Literatures, Philosophical and Political Sci-

ence Groups of Studies, Economics, Commerce and Industry).

COLLEGE OF ENGINEERING (Unexcelled library; spacious
buildings; well-equipped laboratories and shops. Graduate
and undergraduate courses in Architecture; Architectual
Engineering; Architectural Decoration; Civil Engineering;
Municipal and Sanitary Engineering; Electrical Engineering;
Mechanical Engineering, Eailway Engineering).

COLLEGE OF SCIENCE (Astronomy, Botany, Chemistry, Ge-
ology, Mathematics, Physics, Physiology, Zoology).

COLLEGE OF AGRICULTURE (Animal Husbandry, Agronomy,
Dairy Husbandry, Horticulture, Veterinary Science, House-
hold Science).

COLLEGE OF LAW (Three years' course).

COLLEGE OF MEDICINE (College of Physicians and Surgeons,
Chicago). (Four years' course).

COLLEGE OF DENTISTRY (Chicago). (Three years' course).

SCHOOLS GRADUATE SCHOOL, MUSIC (Voice, Piano, Vio-
lin), LIBRARY SCIENCE, PHARMACY (Chicago), EDU-
CATION, RAILWAY ENGINEERING AND ADMINISTRA-
TION.

A Summer School with a session of nine weeks is open each
summer.

A Military Regiment is organized at the University for instruc-
tion in Military Science. Closely connected with the work
of the University are students' organizations for educational
and social purposes. (Glee and Mandolin Clubs; Literary,
Scientific, and Technical Societies and Clubs, Young Men's
and Young Women's Christian Associations).

United States Experiment Station, State Laboratory of Natural
History, Biological Experiment Station on Illinois River,
State Water Survey, State Geological Survey.

Engineering Experiment Station. A department organized to

investigate problems of importance to the engineering and
manufacturing interest of the State.

The Library contains 122,000 volumes and 14,000 pamphlets.

The University offers 526 Free Scholarships.

For catalogs and information address

W. L. PILLSBURY, Registrar,

Urbana, Illinois.
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